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INTRODUCTION

This report describes the detector and data reduction techniques

used in connection with the UTD cosmic-ray experiments designed for and

flown on board the Explorer 34 and 41 satellites. It is intended to

supplement and summarize the more detailed information supplied during

the course of the program, including but not restricted to the information

contained in the contractually required Monthly Technical Reports submitted

throughout the duration of the program.

This final technical report is divided into three categories:

i) a brief history of the UTD program development; ii) a description of

the particle detectors and the methods of data analysis; and iii) present

status of data processing.



I. PROGRAM HISTORY

On May 29, 1963 Drs. K. G. McCracken and U. R. Rao, and Mr.

W. C. Bartley of the Cosmic Ray Group of The University of Texas at

Dallas (then the Southwest Center for Advanced Studies) proposed to NASA

an experiment to measure the degree of anisotropy of the solar cosmic

radiation, and to be flown on board the Explorers 34 (IMP F) and 41

(IMP G) satellites. Dr. K. G. McCracken was the principal investigator

for this project. In May 1966, Drs. R. A. R. Palmeira and F. R. Allum

joined the project, and after the departure of Dr. McCracken to Australia,

Dr. Palmeira took over the responsibilities of principal investigator.

Subsequently, Dr. Rao and Mr. Bartley also left the University of Texas

at Dallas and as a result, Drs. Palmeira and Allum acquired the sole

responsibility for the successful completion of all remaining phases of

the program.

Three complete, flight-qualified instruments were built and delivered

to the Aerospace Sciences Division of the Electro-Mechanical Research Inc.

for integration into the IMP spacecrafts. The three deliveries were made

on March 16, 1966, July 20, 1966 and October 4, 1967 respectively. One

of these instruments was integrated into the IMP F spacecraft which was

launched on May 24, 1967 at 1405:54 UT from the Western Test Range,

Vandenberg Air Force Base, Lompoc, California. A second instrument was

integrated into the IMP G spacecraft which was launched on June 21, 1969 at

0847:59 UT from the same launching site.

Both instruments performed satisfactorily throughout the life-time

of the missions, which ended for IMP F on fray 3, 1969 with the satellite

re-entry and burn-out in the atmosphere. The IMP G satellite is still in
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orbit at the time of this writing, with a re-entry in the atmosphere pre-

dicted for December 1972. The only exception to the otherwise perfect

functioning of all detectors on both missions, was the proportional

counter which stopped operating on IMP F on March 1968 shortly after an

apogee shadow, and became noisy shortly after launch on IMP G.

II. DESCRIPTION OF THE DETECTORS

The UTD IMP F&G experiments have been designed to provide coordinated

measurements of both the degree of anisotropy, and the temporal changes

in the cosmic radiation generated by solar flares. A complete description

of the overall detector and the methods of data analysis is contained in

the paper "An Instrument to Measure Anisotropies of Cosmic Ray Electrons

and Protons for the Explorer 34 Satellite" by W. C. Bartley, K. G.

McCracken, U. R. Rao, J. R. Harries, R. A. R. Palmeira and F. R. Allum,

published in Solar Physics 17, 218, 1971. A copy of this paper is in-

cluded in this report as Appendix A. A brief description of the instrument

follows herein.

The UTD instruments on the Explorer 34 and 41 satellites utilize a

four-element particle telescope and a proportional counter to provide

energy spectrum and anisotropy information for 0.7 - 125 MeV protons,

0.07 - 27.0 MeV electrons, and >2 keV x-rays. A 300p totally depleted solid

2state detector, A, with sensitive area of 1.0 cm , is mounted in front of

a plastic scintillator B. The logic AB is employed to identify those

particles which come to the end of their range in the solid state detector,

corresponding to a maximum energy of 7 MeV for a proton incident normal to
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the surface of the detector. The logic AB is also employed to study

those particles which penetrate the solid state detector and are registered

by the B scintillator. A normally incident proton of energy <100 MeV

will come to the end of its range in the thin main element, a 10 g cm-2

Cs I (TZ) scintillator, C. The fourth element, a cylindrical cup veto

counter, D, indicates whether a particle ends its range in C by the use

of the BCD logic. The proportional counter is filled with 90% xenon

and 10% methane at a pressure of one atmosphere, and has a 0.6"by 0.8"

and 2 mil thick beryllium window. The counter is 1.0" by 1.25" by 1.0"

deep and its gain is constant within 20% over the total window area. A

collimator, composed of semicircular aluminum slats, limits the field of

view to 5 full opening angle in the ecliptic plane.

For a more detailed description of the detectors, their energy levels

and modes of operation, as well as the methods of data analysis, reference

should be made to the Appendix A.

III. CURRENT STATUS OF DATA ANALYSIS

During the life-time of the Explorer 34 satellite, 164 data tapes

(one for each orbit) were received at UTD. All these tapes were processed

using an IBM 360/50 computer, with the anisotropy and energy spectrum and

their time variation calculated for each solar flare event.

From the Explorer 41 satellite, still in orbit at the time of this

writing, 261 data tapes were received until November 15, 1971, when the

satellite tracking was suspended temporarily due to a lack of sufficient

funding of the IMP project by NASA. Since the tracking was resumed on
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February 1972, 63 data tapes (Orbits 285-347) have been received. A

data reduction and analysis similar to that performed on the Explorer 34

tapes was also performed on 171 Explorer 41 tapes, selected on the basis

of known occurrence of solar flare events; insufficient funds prevented

us from analyzing the data from all tapes received. For this same reason,

even this selective data reduction and analysis had to be terminated after

June 30, 1972 (the termination date of this contract).

A complete list of all scientific papers published as a result of

the data analysis of the Explorer 34 and 41 satellite data is included in

this report as Appendix B. The main scientific conclusions from these

papers are contained in the accompanying, contractually required, Final

Report for the same contract.
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APPENDIX A

AN INSTRUMENT TO MEASURE

ANISOTROPIES OF COSMIC RAY ELECTRONS AND PROTONS

FOR THE EXPLORER 34 SATELLITE*

W. C. BARTLEY**, K. G. McCRACKEN t, U. R. RAOtt, J. R. HARRIESt,
' X R. A. R. PALMEIRA, and F. R. ALLUM

The University of Texas at Dallas, Dallas, Texas, U.S.A.

(Received 20 October, 1970)

....... ~-.-~~ ~ l ~ Abstract. An instrument to measure the anisotropy and energy spectra of cosmic-ray electrons and
protons, and X-rays of solar and galactic origin is described. Such instruments were launched on

i' ' : ~-.~. . .' ' ' 24 May, 1967 and 21 June, 1969 as component parts of the scientific payloads of the Explorer 34
and 41 satellites. A general description and the main characteristics of the detectors are presented

= 4~ and the stability of the instrument on Explorer 34 over its 23 months of operation is discussed. The
method of analysis of the obtained angular distribution of solar cosmic ray particles in the ecliptic

.~ plane is given. It is shown that the anisotropy of low energy particles of solar origin decreases sharply
to a very small value when the satellite penetrates the magnetosphere.

1. Introduction

Large number of particle observations made by sensitive detectors on board various
space probes during the last few years support the hypotheses that the generation of
energetic particles is a very common feature of all solar flares. Thus, the frequency
of solar proton and electron events detected has increased greatly with the increase
in the sensitivity of the detectors. Low energy proton events (< 10 MeV) often exhibit
very complicated time profiles which depend both on the injection pattern at the
source and on the propagation in the interplanetary medium. Propagation effects
become increasingly important as we consider particles of lower energy where the
gyroradii become comparable to the scale size of small scale field irregularities. To
investigate the complex phenomena involved it becomes necessary to increase the
range of energies of particles detected (particularly at the low energy end of the
spectrum), and to measure proton, electron and solar X-ray data concurrently from
the same satellite.

Recent improvement in detection techniques has made it possible to measure
relativistic and subrelativistic electrons of solar origin; and electrons have been
detected even from quite small solar flares (e.g., importance 1). Since the propagation
of electrons in the interplanetary medium, like that of ions, is strongly controlled by

* This work was supported by the National Aeronautics and Space Administration Grant NASr-198
and Contract NAS5-9075.

'3 .^;:g v - ' ' Now at the National Academy of Sciences, Washington, D.C., U.S.A.
·· j t Now at the Division.of Mineral Chemistry, CSIRO, Box 124, Port Melbourne, Australia.

it Now at the Physical Research Laboratory, Ahmedabad, India.
- Now at the University of Adelaide, Adelaide, Australia.

Solar Physics 17 (1971) 218-240. All Rights Reserved
,' ..- ~' ~~~~. , Copyrigrt O 1971 by D. Reidel Publishinig Company, Dordrecht- lHolland
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the structure of the interplanetary magnetic field irregularities, the study of their
anisotropies will add to our knowledge of the solar system magnetic fields.

Taking advantage of the advances in instrumentation technology, detectors were
flown on the Explorer 34 and 41 (IMP F & G) satellites* to obtain detailed infor-
mation on the time dependence, degree of anisotropy and spectral properties of the
radiation responsible for various types of cosmic ray enhancement. The IMP Explorer
series was particularly suitable for these experiments since each spacecraft spends
over 70% of its time in the interplanetary medium and also because the spacecraft
is spin-stabilized with its spin axis nearly normal to the ecliptic plane. The advantages
of choosing a spin stabilized vehicle for anisotropy measurements are described in
detail by Bartley et al. (1967a). Since the details on the configuration and operation
of these instruments and the data which they return from both interplanetary space
and within various regions of the Earth's magnetosphere will be the basis for a
number of subsequent scientific papers, we provide here a detailed description of the
instrument.

Charged particle detectors similar in general principle to the one herein described
were flown by The University of Texas at Dallas (then the Southwest Center for
Advanced Studies) on the Pioneer 6 and 7 (Bartley et al., 1967a) and Pioneer 8 and 9
(Bukata et al., 1970) deep-space probes.

2. Charged Particle Telescope

The University of Texas at Dallas (UTD) instrument on Explorer 34 utilizes a four
element particle telescope and a proportional counter to provide energy spectrum
and anisotropy information for 0.7-125 MeV protons, 0.07-27.0 MeV electrons, and
> 2 keV X-rays. The arrangement of the four elements of the composite telescope is
displayed in Figure 1. A 300 pt totally depleted solid state detector, A, with sensitive
area of 1.0 cm2 , is mounted in front of a plastic scintillator, B. The logic AB is
employed to identify those particles which come to the end of their range in the solid
state detector, corresponding to a maximum energy of 7 MeV for a proton incident
normal to the surface of the detector. The logic AB is also employed to study those
particles which penetrate the solid state detector and are registered by the B scintillator.
A normally incident proton of energy < 100 MeV will come to the end of its range
in the third main element, a 10 g cm- 2 CsI (TI) scintillator, C. The fourth element, a
cylindrical cup veto counter, D, indicates whether a particle ends its range in C
(BCD logic). The use of the BCD logic also enables the identification of protons and
electrons which come to the end of their ranges in the C crystal. In the proton mode
of operation the threshold level in the B detector is set sufficiently high so that only
particles with ionization losses much greater than the minimum are detected. At the

* Explorer 34 was launched from the Western Test Range, California, at 1406 UT on 1967, May 24,
into a highly eccentric orbit of initial apogee 2.11 x 10' km, perigee 248 km, inclination 67.4 ° , and
period 4 days, 7 hr, 45 min. An identical instrument was launched on board Explorer 41 on 1969,
June 21.
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Fig. I. Detailed view of the cosmic ray anisotropy detector for the Explorer 34 and 41 satellites.

same time, an attenuator is used in the output of the C crystal, so that only particles
that deposit more than 30 MeV in the crystal are accepted. In the electron mode of
operation, the threshold for the B scintillator is set such that only particles with
ionization losses near the minimum are counted. Concurrently, the attenuator in the
C crystal output is removed, so that energy losses greater than I MeV in the C crystal
can be detected.

The plastic scintillator, B, is coupled to a 0.75 in. photomultiplier by an 'adiabatic'
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light coupling manufactured from lucite. Both the scintillator and the light pipe are
aluminized. The solid state detector, A, is separated from the scintillator, B, by an
opaque barrier of 0.5x 10-3 in. thick aluminized mylar. Two layers of similar
aluminized mylar protect the solid state detector from direct sunlight in space and
from thermal shock during the initial stages of the satellite launch when severe
aerodynamic heating of the nearby fairing occurs. The solid state detector has been
mounted with its 'N' side (i.e., its ohmic aluminum contact) facing outwards to
minimize proton radiation damage based on arguments presented by Coleman et al.
(1968).

The light pulse from the CsI scintillator, C, aluminized on the back and sides, is
viewed by an 0.75 in. photomultiplier via a light integrating chamber, the walls of
which are brightly polished aluminum. Pulse height analysis is employed to indicate
the energy deposited by each particle in the CsI scintillator. A 10 nanocurie Am 2 41

radioactive source is attached to the CsI crystal to provide an inflight energy cali-
bration. Laboratory measurements of the resolution of the CsI crystal response to
the 5.5 MeV alpha particles from the Am 2 4 ' source yielded a value of 45% to the
full width at half maximum (FWHM) of the pulse height distribution.

The light pulse from the veto counter, D, is viewed by a 1.5 in. photomultiplier in
optical contact with the scintillator. Aluminum foil is employed in the present
experiment as a specular reflector, consistent with tests (Bartley et al., 1967a) on a
similar cup-shaped veto counter that favor a non-wetting reflecting material totally
surrounding an optically polished scintillator.

The geometrical factors and cones of acceptance for various coincidence and anti-
coincidence logics are given in Table I.

TABLE I

Particle telescope cones of acceptance and geometrical
factors for The University of Texas at Dallas detector on

Explorer 34

Logic Maximum cone Geometric
(half angle) factor

BCD 26.50 1.3 cm 2 ster
AB 68° 3.0 cm2 ster
AB 68° 3.0 cm2 ster
Proportional 2.5 ° x 60' 0.18 cm 2 ster
counters

- As mentioned in the text, electron scattering in the colli-
mator could double the solid angle from that expected
if there were no scattering.

3. Proportional Counter

.The proportional counter and collimator are sketched in Figure 2. The proportional
counter is filled with 90% xenon and 10% methane (by volume) at a pressure of one

II·-' ~ ~ Tk . %.. i1
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U. OF TEXAS AT DALLAS

25 SLATS

BERYLLIUM
WINDOW (.002")

Fig. 2. Detailed view of the proportional counter and collimator for the Explorer 34 and 41 satellites.

atmosphere, and has a 0.6 in. by 0.8 in. and 2 mil thick beryllium foil window. The
counter is 1.0 in. by 1.25 in. by 1.0 in. deep with an anode wire 0.0006 in. in diam.
supported diagonally across the counter 0.5 in. behind the window. This configuration
has been found to minimize the end effects for such a small counter while at the same
time avoiding the problems experienced with point counters at low counting rates.
The detector's gain is constant within 20% ovcr the total window area, and the
overall resolution for 5.9 keV X-rays from an Fe 5 5 source was found to be 30%
FWHM. The 1.5 keV fluorescent X-ray emission from the aluminum material of the
collimator and counter walls falls below the 2.7 keV electronic threshold of the
counter.

The transmission coefficient for electrons incident on the beryllium window is 10%
at 70 keV and increases to 90% at 95 keV. The majority of the electrons that penetrate
the window will deposit more than the 2.7 keV threshold set by the electronics, so

· ~:~ " ~ ~ ~ ~y..- ,.....-.;.V;..;?P- S~.'4.'' :

;. .5.. 5.
;-I".~ "'* ,' '', ,: : I- .·.'.,. ::. ....'';-L;-'Eg&
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that the efficiency for detection of electrons is closely equal to the window trans-
mission coefficient. Minimum ionizing electrons deposit > 10 keV in the counter. For
protons, the detection efficiency is also wholly determined by the beryllium window
transmission coefficient, giving a detection threshold of 2.1 MeV. Protons with energies
> 17 MeV can penetrate the walls of the counter.

The X-ray detection efficiency is dependent both on the transmission through the
beryllium window and the absorption in the xenon gas. The calculated X-ray detection
efficiency for the proportional counter on Explorer 34 is shown in Figure 3.

100

80
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>-

z
wW

LL11

60s

40F

20-

124keV 62keV 24.8keV 12.4keV 6.2keV

0.1 0.2 0.5 1 2.0

WAVELENGTH (ANGSTROMS)

2.48keV
''I1

5.0 10

Fig. 3. The calculated detection efficiency of the proportional counter as a function of the incident
X-ray wavelength.

The collimator in front of the proportional counter limits the field of view to 50
full opening angle in the ecliptic plane, however the response of the collimator to
electrons is modified by the grazing incidence scattering of electrons on the sides of
the aluminum slats (Kanter, 1957). This increases the opening angle of the collimator
so that, for electrons, the 5° full width triangular response has a 'tail' which extends
out to about 30° where it is less than one percent of the response at normal incidence.
The scattering in the collimator could double the solid angle from that expected if
there was no scattering. The field of view normal to the ecliptic is approximately 120°.

The collimator slats are semicircular with a radius of 0.5 in. as shown in Figure 2.
The semicircular design compensates for the decrease in the projected area of the
counter window for point sources above or below the ecliptic by giving a longer
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224 W. C. BARTLEY ET AL.

period for the accumulation of counts. Hence the flux from X-ray sources can be
measured without requiring the position of the source to be known. For charged
particles a similar effect occurs and flux components above or below the ecliptic are
given an equal weight with those wholly in the ecliptic plane.

In the anisotropy measurement, the proportional counter provides data on solar
X-rays, electrons and protons. The electrons and protons are differentiated by
comparing the response of the proportional counter to that of the solid state detector.
The solar X-rays are identified by their direction of arrival.
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accumulation during June and July 1967.
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Celestial X-rays are observed in the azimuth measurement, where the output is

pulse height analyzed into two energy channels, 2.7 to 5.9 keV and 6.0 to 8.6 keV.

In this mode the experiment is relatively insensitive to low energy charged particles

since only those particles that could penetrate the beryllium window and deposit less

than 8.6 keV in the counter are accepted. This is equivalent to specifying an energy

interval of I keV at 80 keV for electrons and less than I keV at 2.1 MeV for protons.

In the azimuth measurement the spacecraft azimuth is determined with respect to the

Sun at the instant when a pulse is observed in one of the pulse height analyzer channels.

The azimuth is measured to an accuracv of 1.4' and four azimuth determinations are

made every 81.92 sec. X-rays from the direction of the Sun are not analyzed in the

azimuth measurement.
Celestial X-ray sources appear when data are accumulated for several days. Figure 4

shows the response from source Sco XR-I resulting from the azimuth accumulations

over June and July 1967.

4. Energy Discrimination

The outputs from the particle telescope are fed into a pulse. height analyzer which

provides 6 contiguous differential pulse height channels and an integral channel. The

nominal energy limits of the several channels are indicated in Table II. A single seven

channel pulse height analyzer is used in all operating modes, as indicated in simplified

form in Figure 5. The pulses from the detectors (A and C) are first amplified by

charge integrating amplifiers (Q-AMPs), then by a stage of voltage amplification. The

TABLE II

Energyintervals for The University of Texas at Dallas experiment on Explorer 34

Energy intervals for anisotropy measurements (MeV)

L=0 L=3 L=2 L=3 L=4 L=5

Protons Protons Protons Protons Protons Protons Electrons X-Rays

0.7-7.6 31.5-40 40-64 64-125 7.6-55 > 2 > 0.07 > 0.002

Energy intervals for isotropy measurements (MeV)

Data L = 6 L = 7 even L = 7 odd
accumulator protons -protons electrons

SCA-I 31.5-35 0.7-1.1 2.8-3.3
SCA-2 35-40 1.1-1.6 3.3-4.0
SCA-3 40-46 1.6-2.3 4.0-4.8
SCA-4 46-64 2.3-3.5 4.8-7.2
SCA-5 64-100 3.5-7.6 7.2-11.3
SCA-6 100-125 11.3-16.0
SCA-7 . 16.0-27.0
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Fig. 5. Schematic block diagram of the 7-channel pulse height analyzer used in The University of
Texas at Dallas experiment on the Explorer 34 and 41 satellites.

two signal amplifiers are connected to a linear switch, which transmits the appropriate

. . SISC'

input as determined by the current position in the experiment subcommutation cycle.
The pulse height analysis is achieved using the seven threshold discriminators D1

through D7. The Q output of the Nth discriminator (DN), and the Q output of DN+l
are applied to an AND gate, along with a 'strobe' pulse (common to all AND gates).
The strobe pulse is generated once the appropriate logic (e.g., electrons, calibrate, etc.)
has been satisfied and is then delayed to prevent the detection of 'sneak' pulses due to
the finite risetime of the input pulses. The resolution time for incoming pulses is 1II sec.

5. Data Accumulation and Subcommutation

The output pulses from the various detection systems are counted and stored in
separate binary accumulators provided by the spacecraft. Eight 10 bit counters iden-
tified SCA I through 8) are employed to record the counting rates from 8 different
directions while in an 'anisotropic' mode (described below), and to record the rates
from the seven pulse height analyzer windows when in an 'isotropic' mode (described

,>j^,.- . :,-., :~} below). The ninth, SCA 9, is a 10 bit counter employed to record the raw rates from
the four detectors, A, B, C, and D, and to record on the data azimuth of the spacecraft
at the time the proportional counter generates a pulse (sensing of pulses is inhibited

....- ' . -i. '," ,

., .. . ·. .,. ..- · : :... '
-:'. ,;.~ -,:', -. ::.'.".".. ,.?.... ;' '. ,"i· ' .' '. .:: -i. .;·e ;r:· -~~~~t ~·.-··· ·l~~l-i;-: ':::· ,..-1. ;i-- P ''l-de~



-.-~.,.,&~.'~ ','~:~.~~~ ~~~~~'.,~-:.'.. - i.-,. '-,,;:'! . '-- ".;,-' ,., r;.,,-

-' "? ;,'c,~ ~%~;'',~ ~ ., ~ ::~ v '~:

J"-.

- -o __J

-I .r -

- .- o - OJ 1 4- ,),.*

.. _ _ D -I' -- S

,I 
A. A.

11-0

T .,,_ _ 
... _

,d in The University of
1llites.

mits the appropriate
)commutation cycle.

d discriminators D1

ie Q output of DN+I

i to all AND gates).
trons, calibrate, etc.)
sneak' pulses due to
ning pulses is 1p sec.

inted and stored in
0 bit counters iden-
tes from 8 different
i to record the rates
,ic' mode (described
i the raw rates from
uth of the spacecraft
)f pulses is inhibited

227
AN INSTRUMEINT TO MEASURE ANISOTROPTES OF COSMIC RAY ELECTRONS AND PROTONS

during octant 4, to be defined below, as the counter's response is almost exclusively

due to solar X-rays at this time). The tenth. SCA 10, is a 6-bit counter used for house-

keeping data essential to the interpretation of the anisotropy data from the particle

telescope. Information in this 6-bit scaler. called 'START/STOP' data, is considered

as two independent 3-bit data words; hence, the 96 data bits are efficiently divided

among a total of eleven data words.

The Explorer 34 accumulators assigned to the UTD experiment are read out to

Earth via real time telemetry every 10.24 sec. A period of 0.96 sec is occupied by the

telemetry readout and accumulator reset, leaving 9.28 sec in each readout when pulses
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may be counted. A 'freeze' and a 'pre-freeze' (i.e. warning) pulses from the spacecraft

system, occurring at the appropriate times, are used to inhibit data accumulation for
short periods immediately after the start and just before the end of the 9.28 sec period,
thus assuring equal accumulation times for all directional measurements. It is im-
portant to note that data acquisition must be Sun synchronous when anisotropies are
being measured, as will be described later.

~ The UTD experiment subcommutates through a 64 position subcommutation cycle
corresponding to 64 spacecraft readouts (10.92 min). During the 0.96 sec 'freeze'

~::~ ~7a period, the experiment changes to provide a different type of measurement (e.g.,
different logic or energy level). Table III shows the subcommutation schedule.
Reading across the schedule it will be noted that the experiment spends 61.44 sec in
an 'anisotropy' mode, then switches to an 'isotropic' mode for 20.48 sec, and obtains
7 channel energy spectra of each of the two energy ranges 31.5-125 MeV and

0.7-7.6 MeV. Every second measurement of the 0.7-7.6 MeV proton spectrum is
deleted, and an energy spectrum of electrons in the energy range 2.8-27 MeV is

inserted instead. The experiment continues to cycle through the 'anisotropic' and
·5,i '~'~'~-'~'isotropic' modes every 81.92 sec, thereby providing information on the temporal

changes which occur in both the anisotropic and the isotropic flux of the cosmic
radiation. Finally, the last measurement in the commutation cycle is a calibration
mode during which the response of the CsI crystal to the Am2 4 1 source is recorded.

= -The nine 10-bit spacecraft accumulators are wired in an S-T(Signal/Time) logic
configuration to provide sufficient dynamic range to cope with high particle fluxes
(Figure 6); the 6-bit scaler is a standard binary counter of S (Signal) logic. The S-T

U.OF YEXAS AT rALLAS

:::_ 4 ':~ C~ m o 5 0Ut5 .k' ~-;

Fig. 6. Schematic block diagram of the 10-bit S-T type accumulators employed in the Explorer 34
and 41 satellites.

scaler used in our experiment counts pulses applied to the input in a normal fashion
up to a decimal content of 511. The 512th pulse inserts a one into the 10th bit, and

cr,,~i ~ ~ ~~~~this closes the pulse input gate and opens a 50 pps input gate to the same counter.
The counter thereafter will count time pulses for the remainder of the 9.28 sec data

~~~~~ ~~~sampling interval. Hence, at high flux rates, when the 10th bit is a one, the actual

pulse rate is given by 512/(9.28-0.02T) pulses/sec, where Tis the 9-bit scaler content.
Although the S-T scaler has a better dynamic range than an S scaler of the same
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Fig. 7. The absolute quantization error of an S-T type accumulator operating in the T-mode, as a
function of the input counting rate. The absolute error of a standard accumulator is also shown.

number of bits, the quantization errors are large compared to the statistical errors
at high counting rates, as is shown in Figure 7. The scalers are effectively set to zeros
at the end of each freeze period.

6. Anisotropy Measurements

During the anisotropic mode, pulses from the appropriate detector logic are routed
to one of eight spacecraft accumulators (defined as SCA 1-8) as determined by the
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W. C. BARTLEY ET AL.

azimuth of the detector axis at the time of the measurement. Effectively, as the space-
craft rotates with respect to the Sun, the experiment subdivides a great circle in the
ecliptic plane into eight equal accumulation time sectors. The particles detected in
any given sector are counted by a corresponding scaler.

The spacecraft supplies an aspect signal consisting of 64 pulses spaced at rigorously
equal intervals over each revolution plus a dead time pulse defining a short, variable,
period of time used to accommodate small variations in the spacecraft spin period.
This aspect signal, generated in a fashion similar to the scheme described by Bartley

105-233
U. OF TEXAS AT DALLAS

CRYSTAL TELESCOPE
EFFECTIVE DIRECTIONAL SENSITIVITY

TO THE SUN

. I OCTAN

EAST
DIRECTION RELATIVE TO THE SUN (DEGREES)

0 90
WEST

Fig. 8a. The directional sensitivity in arbitrary units of octants 3, 4, and 5 for the crystal telescope
as a function of the angular separation from the Earth-Sun line.

el al. (1967b), is used to step the anisotropic routing through eight accumulator posi-
tions. Time accuracies for the aspect signal of better than one part of 104 are similarly
achieved. This is important if the total number of counts in the Nth scaler is to be
related to a flux from the Nth octant in space. To ensure accuracy, and to simplify
the timekeeping problem, the experiment has been implemented such that only data
from an integral number ofoctants will be accumulated into any given scaler, SCA 1-8.
As mentioned above, the pre-freeze signal provides an appropriate warning to the
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:tively, as the space-
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ng a short, variable,
icecraft spin period.
jescribed by Bartley

logic to inhibit data at the end of a completed octant prior to the readout period.
For each measurement the SCA-10 scaler contains two 3-bit words of information

on the octant in which data taking began and the octant after which data taking
ceased, i.e., 'START/STOP' data. From this, the particle counts recorded in each of
the anisotropy scalers, SCA-I to 8, can be normalized to the same number of octants
(note that the total number of octants accumulated in any 9.28 sec. time period varies
from interval to interval).

The optical aspect sensor, which maintains Sun synchronization of the aspect signal

105-233 U. OF TEXAS AT DALLAS

SOLID STATE TELESCOPE
EFFECTIVE DIRECTIONAL SENSITIVITY

TO THE SUN

I

100 50 0 50 100

DIRECTION RELATIVE TO THE SUN (DEGREES)

Fig. 8b. Same as Figure 8a for the solid state detector.

for the crystal telescope
In line.

it accumulator posi-
rt of 10 4 are similarly
e N'th scaler is to be
racy, and to simplify
I such that only data
:iven scaler, SCA 1-8.
riate warning to the

on Explorer 34, has a 'look' direction at an angle of 135° with respect to the detector
axis. This phasing is taken into account when relating the anisotropy da'a generated
by the instrument to the eight octants in space (see Figure I in next paper, p. 243).
It will be noted in this figure that the 'look' direction of octant 4 is centered on the
Sun-Earth line while the center of octant I contains the small variable dead time
period (accumulation time for octant 1, however, is exactly equal to that for the other
seven octants). As noted above the logic in the instrument is designed to ensure that
during any 9.28 sec accumulation period, the number of times that each direction has
been sampled is accurately known. \\'ith a satellite spin period of approximately
2.5 sec, each octant is sampled at least 3 times during each accumulation period.
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Figure 8a shows the directional sensitivity for the telescope combination BCD;

Figure 8b shows the same for the AB logic. Figures 8c and 8d show the directional

sensitivity for the proportional counter for electrons and protons respectively. These

curves were obtained using the geometrical sensitivity of the detector and the azi-

muthal sectors shown in Figure 1 in next paper, p. 243.
To provide a quantitative description of the cosmic ray flux as a function of

direction, a sinusoid of the form

Y = A, + A, cos(0 + 0,) + A2 cos(20 + 02)

U. OF TEXAS AT DALLAS

PROPORTIONAL COUNTER EFFECTIVE DIRECTIONAL SENSITIVITY

FOR ELECTRONS

TO THE SUN

I-

>v 

w
n. >

z I-
o m

o

SJ -

0

90 80 70 60 50 40 30 20 10 0 10 20 30 40
East

80 90
West

DIRECTION RELATIVE TO THE SUN (DEGREES)

Fig. 8c. Same as Figure 8a for the proportional counter (electrons).

is fitted to each set of 8 data points taken during an anisotropy measurement. The
true relative amplitude and phase of the first harmonic are given by 1.026 x A 1/Ao

and 0, respectively. The calculation of these quantities are outlined in Figure 9.
The sinusoidal fit is a convenient first order approximation to the actual picture.

Detailed studies have shown that the sinusoidal fit provides a reasonable description
even for cases of unidirectional anisotropy. The determination of the actual angular

distribution of the radiation, using the known angular response of the detector,
provides a result for the anisotropy azimuth seldom differing by more than 5° from
the result obtained by a sinusoidal fit. It is more convenient to express the phase of
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ombination BCLD;
,ow the directional
respectively. These
tector and the azi-

as a function of

any anisotropy relative to the Sun-Earth line and this transformation is also given
in Figure 9. ( is the direction relative to the Earth-Sun line along which an observer
must look to see the maximum cosmic ray flux. The example shown in Figure 9 is
the fit for the low-energy proton data for 2100 UT on 2 November, .1967, for which
the azimuth of the anisotropy is found to be 29 ° West of the Earth-Sun line.

In the calculations of azimuthal phase and amplitude for charged particle fluxes
based on the proportional counter information contained in the accumulators SCA-I
to 8, data in octant 4 are discarded because of solar X-ray contamination. For
anisotropy calculation purposes, pseudo-octant 4 data are generated by averaging the
responses recorded in octants 3 and 5.
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Fig. 8d. Same as Figure 8a for the proportional counter (protons).

7. Isotropic Measurements

During isotropic observations (refer to Figure 5) the output of each pulse height
analyzer channel is continuously connected to an accumulator SCA-N(I1 <N<7).
During these measurements the logics CD and AD are fed to SCA-8, accumulation
occurring at all times other than during the freeze signal.
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Fig. 9. Illustrating the sinusoidal fit and the calculation of the amplitude A..d direction of the
anisotropy from the eight directional counting rates.

8. Post-Flight Calibration

During measurement 77 (octal), which is the last measurement of the complete sub-
multiplexing schedule, the experiment performs a pulse height analysis of all pulses
from the C scintillator. For this measurement, a unity attenuator is employed so that
the six differential pulse height analyzer channels cover the energy range 1-9 MeV.
The 10 nanocuric Am2 4 ' radioactive source attached to the C scintillator provides
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5.5 MeV alpha particles for an inflight check of the stability of the complete system
(high voltage, photomultiplier, amplifiers and discriminators combined). An analysis
of the Am2 4 ' pulse height distribution obtained throughout the 23 months of oper-
ation has indicated that the overall stability of the complete crystal system was main-
tained, the maximum change corresponding to a decrease in the equivalent threshold
of 10%. In addition, as mentioned above, Scaler 9 records the raw counting rates of
the four telescope elements A, B, C, and D pre-scaled by a factor of 16. These rates
could also be used to monitor the overall performance of the telescopes. Over the
23 months of operation, the quiet time counting rate of the C crystal decreased by
17% and that of the solid state by 33%. The 10% decrease in the equivalent threshold
would have produced an increase of less than <0.1% in the raw counting rate of the
C crystal. Consequently, the 17% and 33% changes noted above must be completely
due to the 'eleven year' change in the cosmic ray flux in the solar system. During the
same period the high energy cosmic rays (>109 eV) measured by the Churchill
neutron monitor showed a long term decrease of -3%.

9. Identification of Proportional Counter Events

The proportional counter responds to X-rays, electrons, and protons. A solar X-ray
event, however, due to X-rays emitted in the solar corona is highly anisotropic, and
almost all the flux is received in octant 4 centered around the Sun direction. The
presence of an increased flux from all octants serves to identify charged particle events.
A simultaneous increase in the flux measured by the solid state detector is indicative
of a proton event while an electron event causes an increase in the proportional
counter counting rate, essentially without an accompanying increase in the solid state
detector counting rate. The counting rate due to celestial X-rays, including Sco XR-I,
is small and causes a negligible effect on the electron anisotropy measurements. Hence,
it is usually possible to identify and measure three phases of solar flare events, first
the solar X-ray burst, then the anisotropy and build-up of the electrons and finally,
using the main charged particle telescope, the changes in the anisotropy and energy
spectrum of the protons component.

10. Effect of the Earth's Field on Anisotropy Measurements

Anisotropy measurements in the vicinity of the Earth's magnetospheric boundary can
be severely affected since the magnetosphere acts as a good reflector o; low energy
particles. Montgomery and Singer (1969) find that the cosmic-ray flux inside the
magnetotail or within - I RE of the magnetopause were much more isotropic than
those farther from the magnetopause or in the interplanetary medium. In order to
make a quantitative estimate of the effect of the magnetosphere on Explorer 34 ani-
sotropy measurements (Explorer 34 goes through the magnetosphere approximately
every 4.5 days), we have investigated the manner in which the angular distribution
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236 W. C. BARTLEY ET AL.

of low energy cosmic ray particles of solar origin changes for two different cases of
magnetospheric crossing:

(a) During 28-29 May, 1967, when the satellite line of apsides was at -90° East
of the Earth-Sun line.

(b) During 16-18 December, 1967, when the satellite line of apsides was at
-90° West of the Earth-Sun line.

Figures O1a and lOb show the observed amplitudes and phases of the first harmonic
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Fig. 10. Illustrating the dramatic reduction in anisotropy of low energy solar cosmic rays within
the magnetosphere. The amplitude and direction of the anisotropy are plotted against time and
geocentrical radial distance of the satellite for a) the 1967, May 28-30 event, and b) for the 1967,
December. 16-19 event. The position of the magnetopause and the bow shock front are indicated.
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of the anisotropy of the solar particle fluxes for these two events. The radial distance
_-. \ from the center of the Earth is also marked in the horizontal scale. The time of

_ r -,,va.~gt:~*-..<a.. crossing the bow shock front and the magnetopause are included in these diagrams
(D. H. Fairfield, private communication). It can be seen from these figures that in

~ c....i~c ?,, ... .both events, the amplitude of the anisotropy decreases sharply at the time of the

g f ,'~ ~~ ?.~ ~~einbound magnetopause crossing. At the time of the outbound magnetopause crossing
the amplitude increases again although not so sharply, and it does not reach the
original level. However, since the amplitude of the anisotropy during a solar event

has been shown to decrease with time, the smaller anisotropy detected after the out-
bound crossing is most probably due to a temporal variation. Inside the magneto-
sphere, and consistently with the very small observed anisotropy, the phase of the

? "_ .__ first harmonic shows a very large variability, but it returns to the original value after
the outbound magnetopause crossing. Care must therefore be exercised when inter-
preting solar cosmic ray anisotropies when the satellite is inside the magnetosphere.

These anisotropies represent at best lower limits of the true anisotropy. Since, how-

ever, the Explorer 34 satellite has a highly eccentric orbit, spending more than 70%
!}-,~:~.~c~i~""~ "'"'~'' '' "' ~ ~of its total time beyond 2 0RE, a large fraction of the anisotropy data is relevant to

interplanetary space studies.

11. Effect of the Earth's Field on Spectral Measurements

q~~:;, c.: "-,""" ;-We have also investigated the way in which the measured energy spectrum of solar
cosmic rays depends on the satellite position with respect to the magnetopause.
Figure 11 summarizes the results of this analysis for the solar flare events that occurred

during the period 24 May, 1967-31 December, 1968. The upper part of Figure 11
c?_ pe ~..~,.¥ :...E shows the frequency distribution of occurrence of the exponent of the energy spectrum

y (assuming an spectral law of the form dJ/dEcE-Y), for all the events when the
satellite was in the interplanetary medium. The distribution in this case seems to be
flat, all exponents y from 0.5 to 4.0 occurring with practically equal probability.

The frequency distribution when the satellite is inside the magnetosphere (depicted
in the lower part of Figure 11) is markedly different. Values of y <1.5 are almost

,':'' '. ~'~'-'*'~ t-. ".completely excluded. This, coupled with a decrease in the frequency of occurrence
with increasing y, produces a maximum in the distribution for values of y between

i... .:;. .· .- 1.5 and 2.0. The magnetosphere is seen then to modify the energy spectrum measure-
*.,:.'- :~;' vi4--. ~~~~~ , ments in two ways, such that the most probable value of the expoinnt y is between

1.5 and 2.0. It is thus clear that the low energy spectral measurements obtained when
the satellite is inside the magnetosphere are not directly related to the properties of
the interplanetary medium. Similar conclusion was reached in the preceding section
concerning the anisotropy measurements.

12. Epilogue

In this paper, we have described a detector designed to measure the anisotropy and

''. ':::.',- ;( ,\;D .' :",, '.-? : 
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Fig. 11. Frequency distribution of the exponent of the energy spectrum for solar cosrilic ray events

detected in interplanetary space and inside the magnetosphere.

energy spectrum of the low energy electron and proton cosmic ray flux, and to

investigate the properties of solar and galactic sources of X-rays in the range

2.7-8.6 keV. During the 23 months of the Explorer 34 life-time, the detector per-

formed well, with the exceptiotn of the proportional counter which failed after 10

months of operation. The overall stability of the crystal detector system, for which
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an in-flight calibration was provided. was shown to have remained constant to within
10%. The change in counting rate of the crystal detector due to this small gain change
was shown to be less than 0.1%. The effect of the magnetosphere on the anisotropy
of the solar cosmic ray was illustrated for two events, the main conclusion being that
at the time of the magnetopause crossing the amplitude of the anisotropy decreases
sharply to a very small value. The spectral characteristic of low energy solar cosmic
rays, obtained when the satellite wvas inside the magnetosphere was shown to be
markedly different from that obtained when the satellite was in the interplanetary
medium.

Some conclusions drawn from data obtained from this detector concerning inter-
planetary propagation of electrons and protons are presented elsewhere.
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